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Abstract:  Afghanistan  has  limited  water  sources,  and  the  possibility  of 
using  a  snow  fence  to  concentrate,  or  “collect,”  snow  to  provide  a  supple¬ 
mental  source  of  water,  upon  melting,  in  the  Bamian  region  was  examined. 
In  Afghan  villages,  women  and/or  children  often  fetch  water  for  their 
families.  Improving  water  usage  efficiency  could  improve  agricultural  pro¬ 
ductivity,  reduce  the  number  of  trips  to  the  nearest  water  source,  and 
provide  healthier  daily  nutritional  intake.  Snow  fences  are  currently  used 
to  manage  the  distribution  of  snow  for  the  purposes  of  supplementing 
water  supply.  Hence,  the  researchers  determined  the  average  amount  of 
water  required  for  sheep  and  cows  per  village  using  demographic  data. 
Then,  they  compared  this  volume  of  water  to  the  equivalent  volume  of 
snow  that  can  be  captured  with  a  snow  fence,  based  on  current  knowledge 
of  snow  fence  function.  Analysis  of  topographic  and  meteorological  data 
indicated  that  many  areas  in  Bamian  are  favorable  for  collection  of  snow 
for  eventual  water  harvesting.  A  100-m-wide  “solid”  fencing  (e.g.,  rocks), 
approximately  3  m  high,  was  estimated  to  be  able  to  provide  i6%-17%  of  a 
“typical”  Bamian  village’s  livestock  water,  whereas  a  highly  efficient,  50% 
porous  fence  could  provide  approximately  47%  of  the  livestock  water.  The 
research  team’s  recommendation  was  to  further  assess  implementation  of 
the  snow  fence  water-collection  method  as  a  supplementary  water  source 
in  rural  areas  of  Afghanistan  that  receive  annual  snowfall. 
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1  Introduction 

Project  overview 

Afghanistan  currently  has  limited  water  sources  and  water  storage  capabilities, 
with  many  regions  suffering  recurring  drought.  A  widespread  drought  occurred 
from  1997  to  2002,  causing  a  significant  decrease  in  agricultural  production  and 
water  consumption  (International  Center  for  Agricultural  Research  in  the  Dry 
Area  2002).  Opium-producing  poppies  in  Afghanistan  are  drought  resistant  com¬ 
pared  with  most  crops.  Increasing  water  supply  for  irrigation  or  other  purposes 
may  help  improve  the  ability  to  grow  crops  such  as  wheat. 

This  project  examined  one  potential  method  to  supplement  water  supply— and 
possibly  to  help  mitigate  drought— that  would  be  applicable  in  regions  receiving 
seasonal  snow.  The  method  uses  a  snow  fence  to  concentrate,  or  “collect,” 
blowing  snow.  Upon  melting,  the  snowmelt  provides  a  water  “harvest.” 

Afghanistan  geography  and  water 

Afghanistan  has  three  major  geographical  regions.  The  northeastern  region  con¬ 
sists  of  mountainous  terrain  with  average  elevations  over  3000  m.  The  north- 
central  region  is  a  fertile  valley  between  the  Hindu  Kush  mountain  range  and  the 
Amu  Darya  River.  The  southwest  is  mostly  desert.  Lifestyles  differ  greatly  among 
these  regions,  partially  due  to  significant  differences  in  geography  and  access  to 
water. 

In  the  past  50  years,  Afghanistan  has  suffered  war  and  regime  changes.  This 
political  instability  has  exacerbated  the  already  struggling  economy,  which  is 
largely  dependent  on  farming.  Irrigation  constitutes  about  85%  of  the  watering 
methods  used  in  Afghanistan  (International  Center  for  Agricultural  Research 
in  the  Dry  Area  2002).  Rural  farms  require  approximately  800  to  1000  m3  of 
water  per  person  annually  in  order  for  crops  to  yield  adequate  nutritional  value 
(UN-Water  2007). 

At  least  80%  of  Afghanistan’s  water  is  supplied  by  snowmelt  from  the  Hindu 
Kush  mountain  range  (International  Center  for  Agricultural  Research  in  the  Dry 
Area  2002).  The  snowmelt  runoff  from  the  Hindu  Kush  “tends  to  be  irregular  and 
low”  (Masood  and  Mahwash  2008).  Because  of  Afghanistan’s  dependence  on 
snowmelt  as  a  water  source,  an  abbreviated  or  mild  winter  can  result  in  drought, 
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especially  for  those  living  in  rural  areas.  On  the  other  hand,  an  exceptionally  high 
amount  of  snow  in  the  winter  combined  with  rapid  warming  in  the  spring  often 
leads  to  flooding  (Canfield  1973). 

Background- Afghanistan 

According  to  the  United  Nations,  an  individual  requires  a  minimum  of  20  liters  of 
water  per  day  (UN-Water  2007).  Areas  affected  by  drought  and/or  war  often  fail  to 
meet  this  requirement.  In  the  case  of  Afghanistan,  much  of  its  infrastructure  was 
destroyed  during  the  war  with  Russia  in  the  1980s,  including  many  irrigation 
canals  (International  Center  for  Agricultural  Research  in  the  Dry  Area  2002). 

Later,  under  Taliban  rule  from  1992  to  2001,  reconstruction  was  nearly  nonexistent 
as  the  country’s  economic  situation  remained  poor  ( Encyclopedia  Britannica 
2008).  Additionally,  the  1997-2002  drought  made  water  acquisition 
for  Afghanistan  a  top  priority. 

In  many  Afghan  villages,  women  and/or  children  travel  between  the  village  and  the 
nearest  water  source  to  fetch  water  for  their  families.  Depending  on  the  severity  of 
the  water  need,  multiple  trips  are  often  required,  taking  considerable  time.  For 
example,  in  the  village  of  Qadam  Joy,  on  the  outskirts  of  Sarepul,  in  Northern 
Afghanistan,  women  and  children  travel  back  and  forth  for  the  entire  day  in  order 
meet  their  village’s  water  needs  (Gill  2008).  Women  comprise  over  70%  of  the 
Afghan  agricultural  labor  force;  despite  their  involvement  in  water  collection  and 
agriculture,  women  in  poor  households  especially  suffer  from  malnutrition  during 
periods  of  food  shortages  (Kelly  2003).  This  occurs,  in  part,  because  of  their 
inferior  status  in  the  paternalistic  society  (Kelly  2003).  According  to  the  Asian 
Development  Bank,  improving  water  usage  efficiency  would  at  least  double 
agricultural  productivity  (Kelly  2003).  Not  only  will  this  likely  reduce  the  number 
of  trips  women  make  to  the  nearest  water  source,  but  the  women  will  also  likely 
benefit  from  a  healthier  daily  nutritional  intake. 

Background-snow  fences 

Snow  fences  are,  and  have  been,  used  to  manage  the  distribution  of  snow  for  the 
purposes  of  supplementing  water  supply.  The  Canadian  Government  provides 
guidance  on  the  use  of  snow  fences  to  concentrate  water  into  “dugouts”  on  the 
Canadian  Prairies  (http://www.agr.gc.ca/pfra/drought/info/snowfence  e.htm),  and  McFadden  and 
Collins  (1978)  used  snow  fences  to  supplement  the  water  supply  at  Point  Hope, 
Alaska  (McFadden  and  Collins  1978).  Jairell  and  Schmidt  (1992)  described  a 
method  of  locating  a  snow  fence,  a  pit,  and  a  berm  perpendicular  to  the  prevailing 
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wind  direction  and  downwind,  respectively,  in  a  parallel  configuration  for  the 
purpose  of  capturing  blowing  snow  in  the  winter  and  storing  it  for  livestock  use 
when  the  snow  melts.  They  included  estimates  of  snow  available  for  capture  as  well 
as  snow  storage  capacity  created  by  the  snow  fence  in  order  to  properly  size  the  pit 
for  water  storage.  Sturges  (1992)  described  an  experiment  in  which  a  3.8-m-high 
snow  fence,  800  m  long,  was  constructed  on  a  rangeland  watershed,  parallel  to  an 
incised  channel  (38  m  upwind  of  the  channel),  in  order  to  study  its  influence  on 
water  production.  Two  adjacent  watersheds  were  used  in  the  study,  and  one 
watershed  was  used  as  a  control.  In  addition,  several  years  of  snowmelt  runoff  data 
(from  the  “snow  fence-treated”  watershed  prior  to  installation  of  the  snow  fence) 
were  available.  Results  from  a  5-year  study  indicated  that  the  snowmelt  runoff 
increased  by  129%,  and  that  an  average  of  39%  of  the  channel  snow  was  converted 
into  streamflow.  Jairell  and  Schmidt,  as  well  as  Sturges,  utilized  and  described 
snow  management  techniques  developed  by  Tabler  (1991;  2003),  an  engineer 
whose  work  was  also  used  in  the  work  described  in  this  report. 

Scope  of  work 

The  scope  of  this  project  was  to  evaluate  the  possibility  of  using  a  snow  fence  to 
capture  drifting  snow  and  preserve  it  for  water  harvesting,  in  regions  where 
seasonal  snow  occurs  and  additional  water  during  summer  months  would  be 
beneficial.  Currently  in  Afghanistan,  the  most  common  means  for  water  extraction 
and  storage  are  wells  and  irrigation  canals  (International  Center  for  Agricultural 
Research  in  the  Dry  Area  2002).  Snow  fences  may  provide  a  low-technology, 
stable,  and  cost-efficient  supplement  to  the  current  water  extraction  and  storage 
methods.  To  make  this  assessment,  the  research  team  developed  a  “case  study 
village”  based  on  demographic  information  in  the  Bamian  (also  spelled  Bamiyan) 
region  of  Afghanistan. 

Since  the  snow  fence  water-collection  method  will  probably  be  less  sanitary  than 
water  drawn  from  wells,  its  usage  is  likely  to  be  best  suited  to  support  livestock. 

The  team  determined  the  average  amount  of  water  required  for  sheep  and  cows 
per  village  and  then  converted  it  into  the  corresponding  required  volume  of  snow. 
Then,  this  volume  of  snow  was  compared  with  the  volume  of  snow  that  can  be 
captured  via  the  snow  fence  method.  It  was  found  that  the  snow  fence  water- 
collection  method  can  account  for  a  substantial  portion  of  the  sheep  and  cows’ 
annual  water  requirements.  However,  the  success  of  projects  to  increase  water 
supply  using  snow  fences  depends  not  only  upon  the  ability  to  capture  the  snow 
but  also  the  effect  that  introducing  a  new  water  source  has  upon  the  socioeconomic 
dynamics  of  any  population  center  in  which  the  method  is  implemented. 
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2  Snow  Fence  Method  Assessment  in  Bamian 
Province 

Detailed  geographic  and  demographic  information  about  Afghanistan  is  hard  to 
obtain.  However,  there  is  strong  evidence  that  the  Bamian  province  is  an  area  in 
which  at  least  some  villages  require  more  water.  Bamian  is  arid  and,  like  most  of 
Afghanistan,  experienced  a  severe  drought  from  1997  to  2002  (Figure  1)  (Inter¬ 
national  Center  for  Agricultural  Research  in  the  Dry  Area  2002).  In  a  survey 
taken  of  five  Afghan  provinces  (Herat,  Helmand,  Ghazni,  Balkh,  and  Baghlan) 
(note  that  Balkh  and  Baghlan  border  Bamian  and  share  similar  geographic  fea¬ 
tures),  the  drought  reportedly  caused  a  47%  decrease  in  crop  production  (Inter¬ 
national  Center  for  Agricultural  Research  in  the  Dry  Area  2002).  Minor  drought 
tends  to  occur  every  4  to  5  years,  with  a  major  drought  occurring  every  30  years 
(International  Center  for  Agricultural  Research  in  the  Dry  Area  2002). 

The  waters  of  Bamian  flow  into  the  Kunduz-Oxuz  river  basin  (Masood  and 
Mahwash  2008).  However,  Bamian  itself  is  isolated  from  the  Kunduz-Oxuz  river 
basin  because  of  the  rugged  highlands  that  surround  it.  Source  streams  at 
elevations  of  about  2600  m  flow  into  the  Kunduz  river  from  the  surrounding 
gorges  of  the  Koh-i-Baba  (the  Koh-i-Baba  mountain  range  extends  from  the 
Hindu  Kush  proper)  (Yule  1890).  Drought  does  not  affect  the  discharge  of  main 
rivers,  such  as  the  Kunduz,  nearly  as  much  as  it  affects  the  tributary  streams  of 
the  main  river  (Alim  and  Shobair  2002).  Tributary  streams  with  catchment 
basins  below  elevations  of  3000  m  experience  acute  shortages  of  water,  and  those 
below  elevations  of  2000  m  are  “seriously  affected  by  the  drought”  (Alim  and 
Shobair  2002).  Because  of  the  low  elevations  of  the  Kunduz  River’s  source 
streams,  many  of  its  tributary  streams  “flow  only  seasonally,  drying  to  a  trickle  or 
becoming  totally  dry  during  part  of  the  year”  (Illinois  Institute  of  Technology 
2008). 

The  central  part  of  the  Bamian  enjoys  the  most  fertile  ground,  with  long  growing 
seasons  (Masood  and  Mahwash  2008).  However,  in  the  surrounding  highland 
areas,  the  crop  yield  is  less  abundant  due  to  the  increased  altitude,  which  results 
in  a  shorter  growing  season  (Masood  and  Mahwash  2008).  Certain  areas  of  the 
highlands  lack  a  dependable  water  source,  while  others  have  too  much  water 
(Masood  and  Mahwash  2008).  Hence,  it  was  hypothesized  that  the  snow  fence 
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a.  The  provinces  of  Afghanistan 

(http://www.globalsecuritv.org/militarv/world/afghanistan/images/afg  adl.gif). 


Severely  Affected  Drought  Areas 
|  |  Previous  Crisis  Area 

]  New  Crisis  Area 


b.  Drought  areas  of  Afghanistan,  2001  (United  Nations,  Assistance  Afghanistan 

Online  Mapping  Program). 


Figure  1.  Maps  of  Afghanistan. 


ERDC/CRREL  SR-09-2 


6 


collection  method  offers  promise  for  villages  within  the  highland  areas  that  lack  a 
dependable  water  source. 

The  snow  fence  collection  method  requires  the  presence  of  seasonal  snow.  At 
least  some  villages  in  Bamian  meet  this  requirement,  and  permanent  snow  pack 
exists  at  elevations  over  3655  m  (Palka  2001).  Bamian  receives  peak  snowfall 
from  February  to  March,  with  snowfall  averages  during  the  month  of  February 
reaching  about  1  to  1.5  m  in  depth  (ERDC/CRREL  Remote  Snow  Assessment 
Team  2008;  Agromet  Network  2007).  Assuming  a  snow  density  of  about  25% 
(meaning  0.25  times  the  density  of  water),  this  snow  contains  the  equivalent  of 
about  0.25  m  of  water  per  meter  of  snow.  This  represents  a  conservative  estimate 
for  Bamian  where  snow  densities  are  estimated  to  reach  up  to  40%. 1  Snow 
densities  in  snow  drifts  can  reach  up  to  45%  as  more  snow  accumulates  onto  the 
snow  drift  and  settles  (Jairell  and  Schmidt  1992). 

In  central  Bamian,  67,305  people  live  in  167  villages  (Livelihoods  Connect  2008). 
The  average  family  size  is  4.8  people,  resulting  in  an  estimate  of  13,925  families 
living  in  the  167  villages,  or  83  families  per  village.  Each  family  has  about  two 
cows  and  ten  sheep,  resulting  in  167  cows  and  834  sheep  for  an  “average”  village. 
Sheep  in  areas  with  poor  water  quality  require  about  3.6  m3  of  water  annually, 
and  dairy  cows  require  about  22  m3  of  water  annually  (New  South  Wales 
Department  of  Water  and  Energy  2008).  Therefore,  the  estimated  amount  of 
water  needed  to  sustain  an  average  village’s  sheep  and  cows  is  6676  m3  annually. 
In  the  same  survey  taken  of  the  five  provinces,  responses  showed  that  anywhere 
from  42%  to  82%  of  the  villagers  shared  their  drinking  water  with  livestock 
(International  Center  for  Agricultural  Research  in  the  Dry  Area  2002).  The  snow 
fence  water-collection  method  could  provide  an  alternative  water  source  for 
animal  consumption,  allowing  the  Afghan  people  to  drink  the  more  sanitary 
well  water. 


1 S.  F.  Daly,  pers.  comm.  2008.  Research  Hydraulic  Engineer,  U.S.  Army  Engineer  Cold  Regions  Research  and 
Engineering  Laboratory,  Hanover,  NH. 
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3  Snow  Harvesting 

Overview  of  snow  fence  function 

When  wind  passes  through  a  porous  snow  fence,  its  velocity  slows,  causing  heavy 
snow  particles  to  fall  and  accumulate  on  the  downwind  side  of  the  snow  fence 
(Tabler  1991).  Some  accumulation  occurs  on  the  upwind  side  of  the  snow  fence, 
but  the  majority  falls  on  the  downwind  side  (Figure  2).  The  length  of  the  down¬ 
wind  drift  can  reach  distances  up  to  35  times  the  height  of  the  fence  (Tabler 
1991). 


Figure  2.  Snow  drift  accumulating  on  downwind  side  of  fence  (from 
http://www.wrds.uwvo.edut 


As  discussed  above,  snow  captured  by  a  snow  fence  can  also  be  harvested  and 
possibly  stored  for  later  use.  Some  losses  of  snow  water  volume  will  occur 
between  the  time  of  capture  and  the  time  of  usage  due  to  evaporation  (about 
33%)  and  blowing  and  drifting  (also  referred  to  as  overland  conveyance)  (about 
33%),  leaving  the  remaining  one-third  of  snow  water  volume  available  as  a  water 
source.1  To  fully  satisfy  the  estimated  annual  requirement  of  6676  m3  of  water  for 
the  cows  and  sheep  of  an  average  Bamian  village,  the  snow  fence  collection 
method  would  have  to  concentrate  20,029  m3  of  water. 


1  R.  D.  Tabler,  pers.  commun.  2008.  Research  Hydraulic  Engineer,  Tabler  &  Associates,  Niwot,  CO. 
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Snow  fence  design  and  emplacement 

Snow  fences  for  collecting  water  should  be  sized  based  on  annual  average  max¬ 
imum  snowwater  equivalent  (defined  below),  fetch  (description  below),  and  the 
desired  volume  of  snow  accumulation  downwind  of  the  snow  fence.  Any  one  of 
these  factors  can  limit  the  amount  of  water  captured  and  stored  by  a  snow  fence. 
In  addition,  there  are  practical  limits  on  the  snow  fence  dimensions.  For  example, 
snow  fences  are  typically  no  taller  than  4  m. 

The  snow  water  equivalent  (SWE)  is  a  measure  of  the  amount  of  water  contained 
within  the  snow.  It  is  the  “depth  of  water  that  would  theoretically  result  if  you 
melted  the  entire  snowpack  instantaneously”  (U.S.  Department  of  Agriculture 
(USDA)  2008).  SWE  is  a  function  of  the  snow  depth  and  density  (USDA  2008). 

As  the  snow  settles  over  time,  it  can  reach  densities  between  40%  and  50%  that  of 
water  (USDA  2008).  Thus,  in  Bamian,  where  average  depths  can  reach  1  m  in 
depth,  a  SWE  of  0.25  m  (based  on  an  assumed  density  of  25%  and  a  snow  depth 
of  1  m)  used  for  volume  predictions  represents  a  conservative  estimate.1 

Fetch  is  the  distance  upwind  of  the  snow  fence  from  where  the  snow  is  relocated 
that  is  free  of  obstacles  (Figure  3).  The  fetch  must  be  relatively  free  from  tall 
vegetation,  as  trees  3  to  6  m  tall  promote  snow  deposition  and  prevent  drifting 
(Tabler  1991).  When  trying  to  capture  a  certain  amount  of  snow,  the  slope,  vege¬ 
tation,  and  length  of  the  fetch  must  be  taken  into  account.  The  ideal  slope  of  a 
fetch  is  approximately  10  to  12  deg  downhill  (Tabler  2003).  This  corresponds  to 
the  equilibrium  slope  of  snow  drifts  when  separation  of  airflow  begins  to  occur, 
and  the  snow  deposits  uniformly  along  the  ground  in  the  shape  of  its  equilibrium 
profile  (Tabler  2003).  A  relatively  flat  surface  upwind  of  the  fence  also  promotes 
snow  deposition  downwind  of  the  snow  fence.  Curved  surfaces  and  terrain  cuts 
upwind  create  eddies  that  will  cause  the  snow  to  deposit  before  reaching  the  snow 
fence  (Tabler  2003). 

Given  the  appropriate  slope  and  vegetation  cover,  longer  fetch  yields  greater 
snow  drift  volumes.  Fetch  begins  at  an  upwind  region  and  ends  at  the  snow  fence 
(Figure  3).  “The  upwind  end  of  the  fetch  is  any  boundary  across  which  there  is  no 
snow  transport,  such  as  forest  margins,  deep  gullies  or  stream  channels,  rows  of 
trees,  and  shorelines  of  unfrozen  bodies  of  water”  (Tabler  2003).  Snow  is 


1 S.  F.  Daly,  pers.  comm.  2008.  Research  Hydraulic  Engineer,  U.S.  Army  Engineer  Cold  Regions  Research  and 
Engineering  Laboratory,  Hanover,  NH. 
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Figure  3.  Fetch  is  the  maximum  distance  between  the  source  of  snow 
drift  and  the  snow  fence.  In  this  example,  rows  of  corn  left  standing 
serve  as  the  snow  fence  (from  http://climate.umn.edu/). 

relocated  from  the  upwind  region  of  the  fetch,  and  the  majority  accumulates  on 
the  downwind  side  of  the  snow  fence. 

Snow  conditions  in  Bamian  for  concentration  of  water  via  snow  fence 

As  described  below,  sufficient  SWE  and  fetch  apparently  occur  throughout  many 
areas  of  the  Bamian  province  to  provide  a  source  of  water.  Thus,  snow  harvesting 
with  the  use  of  snow  fences  is  worthy  of  further  consideration.  Tabler  (2003) 
published  a  monograph  on  the  design  of  snow  fences  to  control  blowing  and 
drifting  snow,  and  the  following  analysis  is  based  on  his  work.  The  two  factors 
considered  are  quantity  of  snow  available  to  be  captured  by  a  snow  fence  (i.e., 
snow  that  is  usually  relocated  due  to  wind)  and  the  storage  capacity  of  the  snow 
fence. 

The  snow  available  for  relocation  typically  ranges  from  20%  to  70%  of  the  snow 
that  falls  to  the  ground.  Hence,  if  a  SWE  of  0.25  m  is  assumed  (related  to  an 
assumed  1  m  of  snow  depth),  it  is  reasonable  to  assume  that  a  SWE  of  0.1  m  is 
available  to  be  captured  by  a  snow  fence.  Tabler  (2003)  provided  the  following 
equation  to  estimate  the  total  seasonal  transport  of  snow  (kg/m-width  perpen¬ 
dicular  to  the  wind  direction),  Qr,that  also  accounts  for  evaporative  losses  during 
wind  transport: 


1  —  0.14 


F 

T, 


where: 


Qt  =  500 TSWEr 


(1) 
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T  =  maximum  transport  distance,  m  (estimated  to  be  3000  m  in  most 
cases,  and  a  reasonable  default  value  when  specific  information  is 
lacking) 

SWEr  =  snow  water  equivalent  that  is  relocated  seasonally 
F  =  fetch. 

Using  the  “default”  maximum  transport  distance,  T,  of  3000  m,  an  estimated 
SWEr  of  0.1  m,  and  an  assumed  fetch  of  1500  m,  the  estimated  snow  available  for 
transport  under  these  conditions  is  94,000  kg,  or  94  m3  of  water,  per  meter- 
width  across  the  wind.  Note  that  this  equation  is  based  on  the  estimated  amount 
of  snow  that  is  transported  from  the  ground  surface  to  a  height  of  5  m.  However, 
most  snow  transport  occurs  within  1  m  of  the  surface,  with  less  than  10%  being 
transported  above  1.5  m  when  the  wind  is  blowing  35  km/h  (Tabler  2003). 

Figure  4  shows  the  estimated  snow  water  equivalent  transported  by  wind  and, 
hence,  available  for  capture  per  meter-width  across  the  wind  direction  for  a  SWE 
of  0.1  m,  as  a  function  of  fetch  distance  for  an  assumed  transport  distance  of 
3000  m. 


Figure  4.  Volume  of  water  equivalent  estimated  to  be  transported  (i.e.,  available  for 
capture)  per  meter-width  across  the  wind  direction  for  SWE  of  0.1  m,  as  a  function 
of  fetch  distance.  It  is  based  on  an  assumed  transport  distance  of  3000  m. 
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Since  a  short,  10-m  width  across  the  wind  contains  4.7%  (940  m3/20,027  m3)  of 
the  estimated  water  requirement  in  relocated  snow  for  the  case  study  village’s 
livestock,  study  of  the  storage  capabilities  of  a  snow  fence  is  warranted. 

The  amount  of  snow  water  storage  provided  by  a  snow  fence  is  a  function  of  its 
porosity  and  height.  The  most  efficient  snow  fences  are  50%  porous,  with  hori¬ 
zontal  slats,  and  the  least  efficient  are  nonporous  fences.  (In  the  case  of  non- 
porous  fences,  the  drifts  accumulate  upwind  of  the  fence  until  they  reach  the 
fence  height.)  Based  on  the  assumption  that  the  fence  is  50%  porous,  the  snow 
storage  capacity  of  the  fence,  Qc,  in  metric  tons  per  meter-width  of  fence  is  given 
as  (Tabler  2003): 


Qc  =  8.5  H22 


(2) 


where  H  is  the  fence  height  (m). 

One  metric  ton  of  snow  (i.e.,  water)  is  equal  to  1  m3  of  water.  Hence,  with  a  50% 
porous  fence,  a  height  of  3  m  is  required  to  capture  and  store  most,  if  not  all,  of 
the  estimated  94  m3  of  water  available.  Figure  5  shows  the  volume  of  snow  water 
storage  per  meter-width  of  snow  fence  created  by  a  50%  porous  snow  fence  as  a 
function  of  height. 


Figure  5.  Volume  of  snow  (water)  storage  created  per  meter-width  of  snow  fence  with 
50%  porosity,  as  a  function  of  fence  height. 
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Figure  6  shows  estimates  of  the  volume  of  water  available  for  capture  as  snow 
across  the  wind  direction  (for  a  SWE  of  o.i  m)  as  a  function  of  fetch  distance  for 
various  distances  perpendicular  to  the  wind.  These  perpendicular  distances  are 
taken  as  first  approximations  of  snow  fence  widths. 

Figure  7  shows  the  volume  of  snow  storage  created  by  snow  fences  of  various 
heights  for  snow  fence  widths  of  40  m  and  100  m. 

The  research  team  performed  an  assessment  of  fetch  in  Bamian  using  satellite 
imagery  and  determined  that  fetches  of  1.5  km  do  occur  in  numerous  locations 
within  Bamian.  Using  Equation  1,  this  fetch— with  a  SWE  of  0.1  m  and  a  100-m- 
wide  fence— would  provide  approximately  9400  m3,  or  47%  of  the  case  study 
village’s  livestock  water  (Figure  6).  Again,  this  is  based  on  the  assumption  of  a 
50%  porous  snow  fence  at  least  3  m  high. 
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Figure  6.  Volume  of  water  equivalent  estimated  to  be  available  for  capture  across 
the  wind  direction  for  SWE  of  0.1  m  as  a  function  of  fetch  distance  for  various 
distances  perpendicular  to  the  wind  (snow  fence  widths);  based  on  assumed 
transport  distance  of  3000  m. 
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Figure  7.  Volume  of  snow  (water)  storage  created  for  a  snow  fence  with  50% 
porosity,  as  a  function  of  fence  height  for  40-m  and  100-m-wide  fences. 

In  Figure  8,  areas  of  10-deg  slope  or  less  are  highlighted.  Figure  9  shows 
rangeland  areas  that  provide  suitable  land  cover  for  establishing  fetch.  (Range- 
land  consists  of  low-lying  shrubs  and  grasses.) 

Figures  10  and  11  show  areas  where  the  ideal  slope  and  rangeland  conditions 
intersect.  A  number  of  these  areas  occur  in  river  basins,  which  are  potentially 
helpful  in  later  water  storage. 

When  positioning  the  snow  fence,  the  most  important  consideration  is  wind 
direction.  According  to  Tabler  (2003),  wind  direction  can  be  determined  by 
performing  the  following  tasks: 

•  Analyze  meteorological  data  from  a  representative  weather  station; 

•  Determine  direction  of  the  drift  features  in  the  field; 

•  Determine  direction  of  the  drift  features  using  aerial  photographs; 

•  Note  the  orientation  of  wind-sculpted  vegetation,  such  as  flagged  or  bent 
trees,  or  snow-caused  abrasion  on  wooden  poles  or  posts  (Livelihoods 
Connect). 
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Figure  8.  Northeast  corner  of  the  Bamian  province  depicting  areas  of  10-deg  slope  or  less  (GIS  analysis,  2008, 
Department  of  Geography  and  Environmental  Engineering,  U.S.  Military  Academy). 
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Figure  9.  Northeast  corner  of  the  Bamian  province  depicting  areas  of  rangeland  where  snow  relocation  can  occur. 
Vegetation  of  rangeland  consists  of  grasslands  and  low-lying  shrubs  (GIS  analysis,  2008,  Department  of 
Geography  and  Environmental  Engineering,  U.S.  Military  Academy). 


In  the  case  of  the  Bamian  village  in  central  Bamian,  the  wind  blows  primarily 
from  the  east  over  the  selected  fetch  area.  Thus,  the  snow  fence  must  be  aligned 
perpendicular  to  this  flow  from  a  180-  to  360-deg  heading.  Depending  on  the 
topography,  deviations  of  up  to  25  deg  from  the  perpendicular  are  allowable 
(Tabler  1991).  This  is  particularly  helpful  in  mountainous  areas  such  as  Bamian 
where  a  uniform  wind  direction  is  not  constant. 
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Optimal  Fetch 
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Figure  10.  Northeast  corner  of  the  Bamian  province  depicting  areas  of  optimal  fetch  where  both  optimal  slope  and 
rangeland  occur  simultaneously  (GIS  analysis,  2008,  Department  of  Geography  and  Environmental  Engineering, 

U.S.  Military  Academy). 


Data  gathered  from  a  Bamian  weather  post  from  1973  to  1980  show  that 
there  is  somewhat  of  a  prevailing  easterly  wind  during  the  winter  months 
(November-March).  However,  further  analysis  should  be  conducted  to  verily 
these  data,  since  local  wind  patterns  vary  considerably  in  the  mountainous  areas 
(Figure  12). 
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Figure  11.  Expanded  map  of  Bamian  depicting  areas  of  optimal  fetch  for  snow  fence  (GIS  analysis,  2008, 
Department  of  Geography  and  Environmental  Engineering  U.S.  Military  Academy). 

If  the  snow  fence  water-collection  method  is  implemented  for  a  village,  the  water 
could  be  stored  in  various  ways.  For  example,  a  properly  sized  water  storage 
basin  can  be  excavated,  lined,  and  placed  adjacent  to  and  downslope  of  the  snow 
drift  for  purposes  of  capturing  snowmelt.  If  there  is  an  irrigation  system,  it  may 
be  possible  to  place  the  snow  fence  such  that  melt  water  feeds  into  it,  or  into 
underground  storage  that  can  be  accessed  later. 

Snow  fence  materials 

The  analysis  performed  above  is  based  on  several  assumptions,  including  the  use 
of  a  highly  efficient,  50%  porous  snow  fence.  However,  this  may  not  be  practical 
in  Bamian,  as  we  are  unfamiliar  with  the  lumber  resources  in  this  region  and 
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Figure  12.  Wind  rose  diagram  of  Bamian  shows  wind  coming  predominantly  from 
the  east.  The  outer  wedge  represents  the  frequency  of  winds  originating  from  a 
specified  direction.  The  inner  wedge  represents  the  wind  frequency  multiplied 
by  the  wind  speed  to  show  each  sector’s  contribution  to  the  average  wind 
speed  (Danish  Wind  Industry  Association  2003). 


assume  the  rangeland  contains  few  trees.  Further,  lumber  handily  available  on  a 
snow  fence  could  easily  be  removed  to  provide  a  source  of  fuel.  If  lumber  is  not  a 
likely  material  for  snow  fence  construction,  rocks  certainly  would  be.  According 
to  Tabler,  a  solid  snow  fence  stores  approximately  the  same  amount  of  snow  on 
both  the  upwind  and  downwind  sides,  and  the  capacity  is  approximately  35%  that 
of  a  porous  snow  fence.1  Hence,  in  this  case,  a  100-m-wide  “solid”  fence,  approx¬ 
imately  3  m  high,  would  still  provide  i6%-17%  of  the  annual  village  livestock 
water. 


1  R.  D.  Tabler,  pers.  commun.  2008.  Research  Hydraulic  Engineer,  Tabler  &  Associates,  Niwot,  CO. 
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4  Socioeconomic  Considerations 

Before  introducing  a  new  water  source  to  a  village,  the  socioeconomic  impli¬ 
cations  should  be  considered.  The  social  hierarchy  of  Afghan  villages  largely 
depends  upon  who  controls  the  water  sources  (Klijn  2002).  Women  and  children 
may  gain  or  lose  social  status  because  of  a  new  water  source.  Those  who  gather 
water  may  have  more  time  to  contribute  to  the  family  and  village  because  they 
have  more  time  to  learn,  work,  and  make  money.  Additionally,  one  must  consider 
how  the  villages  downslope  of  the  stored  snow  water  will  be  affected.  Some  down- 
slope  villages  may  be  deprived  of  the  much-needed  snowmelt.  However,  these 
same  villages  may  possibly  benefit  in  that  the  diverted  snowmelt  via  the  snow 
fence  and  storage  could  alleviate  springtime  flooding,  which  is  a  recurring 
problem  in  Bamian. 
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5  Conclusions  and  Recommendations 

Conclusions 

Harvesting  snow  in  Bamian,  Afghanistan,  via  the  snow  fence  collection  method 
shows  significant  promise  as  a  practical  supplementary  source  of  water  for  farm 
animals  or  irrigation.  Based  upon  a  terrain  and  climate  analysis  of  an  “average” 
Bamian  village  consisting  of  167  cows  and  834  sheep,  approximately  i6%-47%  of 
the  cow  and  sheep  annual  water  requirements  could  be  met  using  the  snow  fence 
collection  method.  The  47%  represents  the  9400  m3  of  water  expected  to  be 
obtained  from  a  100-m-wide  and  3-m-tall  50%  porous  snow  fence,  with  a  1.5-km 
fetch,  and  0.25-m  annual  SWE.  If  rocks  were  to  be  used  to  build  a  “solid”  snow 
fence,  about  16%  of  the  annual  water  requirements  would  be  met. 

These  estimates  are  somewhat  conservative  based  upon  the  following 
assumptions:  one  third  of  the  snow  water  would  be  lost  to  evaporation;  another 
one  third  to  overland  conveyance;  the  maximum  transport  distance  for  the  snow 
is  3000  m;  and  a  SWE  of  0.25  m  in  the  winter  months. 

Recommendations 

The  research  team’s  recommendation  is  to  further  assess  implementation  of  the 
snow  fence  water-collection  method  as  a  supplementary  source  in  rural  areas  of 
Afghanistan  that  receive  annual  snowfall.  As  a  part  of  further  study  for  a  specific 
village,  the  socioeconomic  situation  of  the  village  must  be  thoroughly  analyzed. 
With  this  considered,  snow  harvesting  in  Bamian,  Afghanistan,  should  help 
alleviate  the  water  shortage  problem  experienced  during  exceptionally  hot,  dry 
summers  and  cyclical  drought. 
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